Introduction
Anemia due to iron deficiency is perhaps the most widespread clinical nutritional deficiency disease in the world today. Nearly 50 per cent of women of reproductive age and 26 per cent of men in the age group of 15-59 years are anemic (ACC / SCN, 1987 and Beard, 2005) . The effects of severe anemia are well established, as compromising work performance and health, others are suggested, such as links with immune competence and resistance to infection (ACC/ SCN, 1987) . Adolescence is a crucial phase of growth since it offers the second and last chance for the catch up growth in life cycle. Adolescents who eat less than three meals daily tend to have inadequate intakes of nutrients especially iron. Adolescent girls are particularly prone to iron deficiency anemia because of increased demand of iron for hemoglobin, myoglobin and to make up the loss of iron due to menstruation and poor dietary habits (Beard, 2000) . Early menarche is also one of the reasons for high prevalence of anemia (Kaur et al, 2005) . The present study is conducted to assess the dietary adequacy and prevalence of anemia among rural adolescent girls and boys of 16-18 years.
Methods
The data for the present study have been collected from 100 students, 50 girls & 50 boys in the age group of 16-18 years belonging to different villages and studying in government senior secondary school, Chanarthal Kalan, district Fatehgarh Sahib, Punjab. Questionnairecum -interview method was used to elicit general and dietary information of the respondents. Assessment of prevalence of anemia was done by biochemical investigation of hemoglobin levels. Clinical examination and ill effects of anemia were recorded with the help of a physician. Anthropometric measurements of height, weight and BMI were taken using standard methods of Jelliffe (1966) .
Results & Discussion
It was observed that majority of the subjects belonged to Sikh community and general category caste wise. 58 % of female subjects and 60% of male subjects belonged to nuclear families. 60% female subjects and 48% male subjects belonged to families with income less than Rs 5000 per month, 28% of both had family income of Rs. 5000-10000 per month and 12% of female and 24% of male subjects belonged to income group of more than Rs 10000 per month. Majority of the subjects had pucca houses and were engaged in farming. Majority were growing green leafy vegetables in their kitchen gardens. Data in table 1 indicates that blood hemoglobin levels of the female subjects ranged from 6-12 g / dl with the mean value of 8.9 ± 1.46 g / dl where as blood hemoglobin of male subjects ranged from 7.5 -14 g / dl with the mean value of 10.77 ±1.71 g /dl. When compared with WHO (1972) classification, most of the female subjects (98%) and 56% of male subjects were anemic with hemoglobin levels less than 12 g/dl (Table 2) . When compared with NIN (1986) classification, 56% of the female subjects and 30% of male subjects were found to be moderately anemic, 18% of female and 12% of male subjects were found to be mildly anemic. 10% of female subjects and 14% of male subjects were marginally anemic. Only 2% of female and 44% of the male subjects belonged to non -anemic category and 14% of female subjects and none of the male subjects were found to be severely anemic (Table  3) . The results were in accordance with studies conducted by Kumari and Singh (2003) , Palta and Gurwara (2003) and Shekhar (2004) . Clinical signs of skin pallor, pale conjunctiva and pigmentation of nails indicating prevalence of anemia among the subjects were observed (Table 4) . 68% of female subjects and 30% of male subjects depicted skin pallor. 26% of female and 24% of male subjects showed pale conjunctiva. Pigmentation of nails was observed in 54% of female subjects and 34% of male subjects. Jaishree et al (2001) , Gosh et al (2002) and Kumari and Singh (2003) also reported similar results among adolescents. Distribution of subjects according to the ill effects of anemia on health showed that 64% of female and 32% of male subjects were suffering from easy fatigability. Frequent headache was reported by 44% of female subjects and 4% of male subjects. An equal number of female subjects (50% each) showed reduced physical work capacity and shortness of breath while 10% and 30% of male subjects, respectively showed reduced physical work capacity and shortness of breath. Loss of appetite was reported by 4% each of both female and male subjects. Feeling of weakness was reported by 34% of female and 22% of male subjects while dizziness was reported by 10% of female subjects and 2% of male subjects (Table 5) . Tiwari and Seshadri (2000) and Beard (2005) also reported similar ill effects of anemia in adolescent girls. The results of anthropometric measurements revealed that the average height of female and male subjects ranged from 150-170 cm and 162.5-189.0 cm; respectively with mean values of 161.0±5.45 cm in female subjects and 170.0±3.93 cm in male subjects". The height was almost comparable to NCHS standards (Table 6 ).
Biochemical Assessment

Clinical Assessment
Anthropometric Data
Average weight of female and male subjects ranged from 38-61 kg and 51-89 kg with mean value of 49.0±5.6 kg and 62.0±7.8 kg, respectively. Weight of male subjects was comparable to NCHS standards while results showed lower weight values in female subjects when compared with NCHS values (Table 6 ). Anthropometric data on BMI showed that 40% of female subjects and 56% of male subjects had normal BMI values where as 30% of both female and male subjects were mildly malnourished, 10% of female subjects were under the category of moderate malnutrition and 4% were severely malnourished. None of the male subjects were moderately or severely malnourished while 10% had grade 1 obesity (Table 7) . Results of BMI were in accordance with the studies conducted by Jaishree et al (2001) , Srijaya and Jhansi (2003) and Mishra (2004) on school going adolescents.
Information Regarding Menstruation
Data in table 8 indicates that majority of the subjects had attained menarche at the age of 13-15 years. It was observed that majority (78%) of the subjects had menstrual bleeding period of 3-5 days, very few (4%) had it for less than 3 days and 18% had it for more than 5 days. The results showed that 50% of female subjects had normal menstrual cycle where as the other 50% were suffering from various menstrual disturbances. Among the latter 50% was suffering from dysmenorrhea. An equal number (18% each) were suffering from menorrhagia and oligomenorrhea. 12% were suffering from amenorrhea with the gap of 1½ -2 months between two menstrual periods and 4% subjects were suffering from polymenorrhea. One of the subjects was found to be suffering from both menorrhagia and polymenorrhea in addition to dysmenorrhea (Table 9) . Shardha and Matheen (1996) , Joseph and Senehlata (1997) and Jain (2005) have reported similar findings among rural and urban girls.
Dietary Assessment Food Habits
It was observed that 70% of female subjects were lacto-vegetarian, 16% female and 56% male subjects were ovalacto-vegetarian and 14% female and 44% male subjects were found to have nonvegetarian dietary habits. None of the male subjects was lacto-vegetarian. The general meal pattern showed that majority of subjects consumed 3 major meals, breakfast, lunch and dinner. Only 16% of the female subjects and 14% of the male subjects were consuming 2 meals a day, they were missing their breakfast. None of the male subjects and 12% of female subjects carried packed lunch to school. Consumption of tea was observed to be high among both female and male subjects of the study. Majority of them consumed tea in the evening. 24% of female and 32% male subjects took tea with breakfast where as 10% female and 16% male subjects took tea with lunch. Higher intake of tea and its consumption along with the meals hinder iron absorption in the body and could be the reason for low hemoglobin levels in the subjects.
Food Intake
Data on daily intake of different food groups (Table  10) shows that consumption of cereals, pulses, other vegetables, fruits, milk and milk products, meat and poultry was inadequate among the subjects which was reflected in their low nutritional profiles. The intake of green leafy vegetables was adequate among male subjects and close to adequate levels in female subjects as consumption of preparations like Saag (mustard leaves and spinach) and methi (fenugreek leaves) was high during the period of survey in winter months. The intake of roots and tubers and sugar and jaggery was adequate in female subjects but was inadequate in male subjects. Fruits and meat and poultry group, being expensive were consumed in negligible amounts as most of the subjects belonged to low income groups. Akkamahadevi et al (1998) , Kumari and Singh (2003) and Prabhakaran (2003) also revealed inadequate intake of these food groups in adolescents. Table 11 shows data on daily energy and nutrient intake by the subjects". The average daily intake of energy, protein, total fat, iron, riboflavin, folic acid and vitamin B 12 were found to be inadequate as compared to recommended dietary allowances (ICMR, 1989) . The average intake of calcium, vitamin A, thiamine and ascorbic acid were adequate while that of niacin was marginally inadequate. The inadequate intake of protein, iron, folic acid and vitamin B 12 could be linked to high prevalence rate of anemia as these are the elements required for hemoglobin formation. Bains and Mann (2000) , Bains et al (2003) , Kumari and Singh (2003) and Shekhar (2004) also reported lower intake of these nutrients. The comparative data on anthropometric measurements (Table 12) and biochemical investigations (Table 13) revealed that mean height, weight, BMI and hemoglobin levels of the low income groups were lower than the middle and upper income groups.
Comparison and interrelationships among various parameters
The results on comparison between hemoglobin levels and menstrual disturbances (Table 14) revealed that female subjects having normal menstrual cycle had higher hemoglobin levels (9.0 g/dl) than the females with menstrual disturbances (8.83 g/dl).
The coefficient of correlation (r) between anthropometric measurements and hemoglobin levels (Table 15) showed that hemoglobin levels were positively correlated with anthropometric parameters of height, weight and BMI. A positive correlation was found between hemoglobin levels and intakes of cereals, pulses, green leafy vegetables and milk and milk products (Table 16 ). The hemoglobin levels were also positively correlated with the intakes of energy, protein, iron, vitamin C, folic acid and vitamin B 12 (Table 17) .
Conclusion
The present study shows a positive correlation between hemoglobin levels and anthropometric measurements, food intakes and nutrient intakes. Anthropometric parameters of height, weight, BMI and hemoglobin levels of low income groups are lower than middle and upper income groups. Females with normal menstrual cycle have higher hemoglobin levels than females with menstrual disturbances. Overall females show poorer nutritional profile and higher prevalence of anemia as compared to the males. There is an urgent need for improving overall nutritional status of adolescents through nutrition education, community awareness and supplementation programmes. The need for regular blood tests to check hemoglobin levels is emphasized. Nutrition component needs to be included in the school curriculum.
